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(57) ABSTRACT

Camshaft unit (1) having a first camshaft (2), which is phase-
adjustable with respect to a crankshaft, a second camshaft (3),
which is disposed concentric to the first camshaft (2) and is
always in phase with the crankshaft, a camshaft adjuster (5)
with which the first camshaft (2) is phase-adjustable with
respect to the crankshaft, a connecting member (4), which is
displaceable in the axial direction of the camshafts (2, 3) and
has first toothed section (16) that meshes with counter-
toothed section (6) on the first camshaft (2), and an adjusting
drive (9) by which a connecting member (4) can be displaced
axially, wherein through an axial advance, a relative rotation
of'the first camshaft (2) with respect to the connecting mem-
ber (4) takes place.

10 Claims, 2 Drawing Sheets

6 18 1/4/4)7 /11/18

2

17



U.S. Patent Mar. 29, 2016 Sheet 1 of 2 US 9,297,283 B2

10/ T 1%
Fig. 1
"~
10
|G ae e FAF2RR
77/ <~ N
Y AT e
M7 6



U.S. Patent Mar. 29, 2016 Sheet 2 of 2 US 9,297,283 B2

. IR 11 7
/
vy //iﬁ/é
7 17
Fig. 3 "
1\ 10




US 9,297,283 B2

1
CAMSHAFT UNIT

FIELD OF THE INVENTION

The invention relates to a camshaft unit with two camshafts
that are arranged concentric to each other and with a camshaft
adjuster.

BACKGROUND

Camshaft units with camshafts that are arranged concentric
to each other, also called dual camshafts, have a first camshaft
that extends, as the inner camshaft, at least partially into a
second camshaft as the outer camshaft. Camshaft units
according to this class for actuating gas-exchange valves of an
internal combustion engine are known, for example, from EP
0582846 B1 or U.S. Pat. No. 6,725,817. The camshaft units
each have, for each camshaft, a camshaft adjuster that allows
a phase shift with respect to the crankshaft. The camshaft
adjuster of these camshaft units are each hydraulically actu-
ated. Such hydraulic drives have relatively sluggish reactions
in operation and temperature-dependent control values due to
the oil temperature-dependent viscosity. In addition, larger
adjustment angles are difficult and cannot be achieved for the
previously mentioned special types of drives.

EP 1803 904 A2 shows another camshaft unit according to
the class with two camshaft adjusters. The camshaft unit has
a protruding construction and requires complicated tuning of
the two camshaft adjusters. The camshaft adjusters can also
be arranged in the cylinder head on opposite ends of the
camshafts. This increases the installation space requirements
and there is no free camshaft end that could be used, for
example, for attaching a fuel pump. Due to the plurality of
parts to be mounted, this arrangement is also complicated in
production.

SUMMARY

The objective of the invention is to create a camshaft unit
that requires little installation space and has a simple con-
struction.

This objective is met by a camshaft unit having a first
camshaft, a second camshaft that is concentric to the first
camshaft and always in phase with respect to the crankshaft,
a camshaft adjuster with which the first camshaft is phase-
adjustable with respect to the crankshaft, a connecting ele-
ment that can move in the axial direction of the camshafts and
has a first toothed section, wherein the first toothed section
meshes with a first counter toothed section on the first cam-
shaft, and an adjustment drive through which the connecting
element can move in the axial direction, wherein this axial
advance produces a relative rotation of the first camshaft with
respect to the connecting element.

The camshaft unit according to the invention allows an
adjustment of the first camshaft by the camshaft adjuster and
has a compact construction together with the second cam-
shaft. Both camshafts can be disconnected from each other.
Alternatively, a forced coupling of both camshafts is pro-
vided. The two camshafts thus cannot be adjusted indepen-
dently of each other, but instead their angular offset is always
specified by the position of the forced coupling element.

Determining the rotational angle position of the first cam-
shaft is possible with a sensor unit. Here it is not significant
whether the sensor unit is arranged directly on the first cam-
shaft, the forced coupling element, or another part of the
camshaft adjuster that is fixed in phase with respect to the
forced coupling element.
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The forced coupling element connects the two camshafts
advantageously in a mechanical way. It can be loaded directly
or indirectly by the camshaft adjuster and can be constructed
as a connecting element. When the camshaft adjuster is
adjusted, the forced coupling element performs a movement
that causes a forced rotation of the first camshaft, while the
phase position remains unchanged. Alternatively or addition-
ally, the connecting element can also be loaded, locked, or
superimposed by an additional actuator separated by the cam-
shaft adjuster.

The forced coupling of the forced coupling element formed
as a connecting element with the camshafts is realized in one
embodiment by means of toothed sections. The toothed sec-
tions can be formed, for example, as straight, helical, spheri-
cal, or sliding toothed sections and can be arranged on the
ends on the camshafts. The connecting element has multiple
toothed sections that simultaneously mesh with counter
toothed sections on the camshafts. If the connecting element
becomes blocked on its axial position, the toothed engage-
ment consequently also defines the rotational angle positions
of'both camshafts with respect to the connecting element and
thus with respect to the camshaft adjuster. In contrast, if the
connecting element is shifted in the axial direction, the mesh-
ing helical toothed sections cause, for an axially fixed first
camshaft, a relative rotation of the first camshaft with respect
to the connecting element. At the same time, the second
camshaft can be attached to the connecting element by means
ofa straight toothed section, so that its axial advance does not
change the phase angle of the second camshaft.

The connecting element is arranged coaxial to the cam-
shafts and can be shifted in the axial direction by an adjust-
ment drive in the direction of the camshaft main axes. To
cause a sufficiently large camshaft adjustment by means of a
manageable drive power, the adjustment drive preferably has
a speed-changing gear between the actuator of the camshaft
adjuster and the connecting element. Ifa rotational movement
is initially introduced by the actuator, a conversion into an
axial movement of the connecting element is also required.

The large speed change can be achieved by means of a
spindle drive that results in a linear displacement of the con-
necting element and thus a forced rotation of the engaged
camshafts due to the helical toothed sections. The spindle
drive preferably has a spindle and a threaded nut as a ball
screw-type drive. The helical guide track of the spindle causes
an axial advance that leads to a relative rotation of the cam-
shafts with respect to the drive wheel due to the helical
toothed sections of the camshafts and the connecting element.
By means of the adjustment motor, the drive of the camshafts
can therefore be reinforced or delayed. The spindle can be
connected to the drive shaft of an electric motor or formed by
this itself. The threaded nut can be connected rigidly to the
connecting element or the connecting element itself can have
a lateral surface oriented with a corresponding surface con-
tour with respect to the spindle and is thus formed integrally
with the threaded nut. Alternatively, a threaded nut is held on
the connecting element in the axial direction by a retaining
means.

Preferably the connecting element is formed as a sleeve,
wherein the camshafts are attached to the sleeve on surfaces
offset with respect to each other in the axial direction. The
sleeve canbe displaced in the axial direction by the previously
described spindle drive or by another drive. The instanta-
neous transmission from the connecting element to the cam-
shafts can be realized both at the outer lateral surface and also
at the inner lateral surface of the connecting element.

In a first construction of the sleeve-shaped connecting ele-
ment, the connection of two camshafts is realized by means of
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the inner lateral surface of the sleeve. This construction is
advantageous, for example, if both camshafts are constructed
as hollow shafts and the inner camshaft can be supported on
a central shaft. So that the displacement element can mesh
with both camshafts, it has a radial shoulder whose width
corresponds to the diameter of the inner camshaft. This pro-
duces a stepped sleeve that can mesh at its different diameters
with the different camshafts. On the inner side, the stepped
sleeve in the area of its larger diameter can have a threaded nut
for connecting to a spindle. The camshaft unit thus has a
compact construction.

In a second construction, the connection of both camshafts
is realized by means of the outer lateral surface. In this con-
struction, the connecting element can be realized with thin
walls and can have a constant wall thickness. The connecting
element thus has low mass. Furthermore, the toothed sections
in the outer lateral surface can be formed more easily than in
the inner lateral surface, so that the production of the dis-
placement element is simplified.

In a third construction, the displacement element has a ring
groove on the end side. The ring groove walls have toothed
sections that can mesh with counter toothed sections on the
camshafts. For this purpose, both camshafts extend into the
ring groove and the counter toothed section of the outer
camshaft meshes with the outer ring groove toothed section,
while the counter toothed section of the inner camshaft
meshes with the inner ring groove toothed section. In this
variant, no axial offset of the toothed sections is required for
the two camshafts on the displacement element, so that the
entire camshaft unit can have an axially shorter construction.

In a fourth construction, the displacement element formed
as a cylindrical sleeve has a toothed section on both its inside
and also outside lateral surfaces. The two toothed sections
each mesh with a counter toothed section on different cam-
shafts that enclose, for this purpose, the sleeve end both on the
radially inner and also radially outer sides. To hold the sleeve,
both camshafts are reduced somewhat in radius on the ends. A
displacement element in this variant can have, preferably, a
thin-walled construction and can optionally be produced as a
sheet metal part.

In the four constructions, each inner camshaft can be sup-
ported on a central shaft. Preferably the support is realized by
means of a rolling bearing. In particular, if the mechanical
coupling of the displacement element is realized on the cam-
shafts by means ofhelical toothed sections, the bearing can be
constructed as an axial bearing. The central shaft can have
thread turns in its axial extent and thus can form a spindle of
an adjustment drive that can be operated with an electric
motor.

The camshafts are part of a valve train as valve camshatfts.
They have several intake or exhaust cams that are in active
connection with allocated gas exchange valves. The cam-
shafts rotate in a cylinder head of an internal combustion
engine. Preferably by means of a drive plate, such as a chain
wheel, the camshafts or the camshaft adjuster is in connection
with the crankshaft. When the internal combustion engine is
running, the camshafts are then driven by the crankshaft by
means of the drive plate and actuate the gas exchange valves.
The drive plate is preferably also connected to the camshaft
adjuster that can be driven, for example, electrically by means
of an adjustment motor.

The camshaft adjuster preferably acts on two camshafts. In
one construction it can be provided that the connecting ele-
ment meshes with only one of the camshafts and adjusts this
directly. The other camshaft is then disconnected from the
connecting element and can be fixed in phase with respect to
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the first camshaft or coupled with this by means of a separate
adjustment mechanism, so that an indirect adjustment of the
second camshaft is realized.

The camshafts can also be connected, instead, indirectly to
the connecting element. Then this is not connected directly to
the camshaft, but instead this acts, for example, via an inter-
mediate shaft, on at least one of the camshafts.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in more detail below with
reference to embodiments shown in the drawing. Shown are:

FIG. 1 a first camshaft unit in longitudinal section with a
displacement element that has two inner toothed sections,

FIG. 2 a second camshaft unit in longitudinal section with
a displacement element that has two outer toothed sections,

FIG. 3 a third camshaft unit in longitudinal section with a
displacement element that has an end-side ring groove,

FIG. 4 a fourth camshaft unit in longitudinal section with a
displacement element that has an inner and an outer toothed
section.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a first camshaft unit 1 with a first camshaft 2,
a second camshaft 3 arranged concentric to the first camshaft
2, and a connecting element 4. The connecting element 4
connects to the first camshaft 2 via a first toothed section 16
and to the second camshaft via a second toothed section 17.
One of the toothed section pairs 6, 16 and 7, 17 is formed as
a helical toothed section and the other as a straight toothed
section.

The connecting element 4 is formed as a stepped sleeve that
has two different inner radii and surrounds the two camshafts
2, 3 on the outside in the radial direction. The inner radius
difference corresponds to the ring diameter of the outer cam-
shaft that is presently formed by the first camshaft 2. The two
camshafts 2, 3 extend by different amounts in the axial direc-
tion into the inner hollow space 14 of the connecting element
4. The toothed sections 16, 17 of the connecting element 4
mesh with counter toothed sections 6, 7 of the camshafts 2, 3.
All three components, the two camshafts 2, 3 and the con-
necting element 4, can rotate about the common rotational
axis 10.

The connecting element 4 can move in the axial direction.
The axial advance is introduced by a camshaft adjuster 5 that
is shown only schematically and has an adjustment drive 9
that can be operated by means of an electric motor. The
adjustment drive 9 is formed by a shaft in the form of a spindle
8 on which a threaded nut 18 is arranged. With the threaded
nut 18, the spindle 8 forms a ball screw-type drive. In the
present case, the threaded nut 18 is produced separately from
the connecting element 4 and is connected rigidly to the
connecting element 4. On one side it contacts a radial shoul-
der 11 of the connecting element 4 and is held by a securing
ring 12 on its other axial end.

The shaft has, on its shaft end, a ball bearing 19 by means
of which the inner camshaft is supported.

The toothed sections 16, 17 and their contour toothed sec-
tions 6, 7 are constructed as helical toothed sections. Rotation
of the spindle 8 initially causes an axial advance of the con-
necting element 4 connected to the threaded nut 18. The
torque introduced by the toothed sections 16, 17 on the cam-
shafts 2, 3 causes their rotation due to their fixed positioning
in the axial direction.
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FIG. 2 shows a construction of a camshaft unit 1 that differs
from that according to FIG. 1 essentially in that the connect-
ing element 4 is formed as a sleeve whose wall thickness is
approximately constant. Furthermore, the camshafts 2, 3 do
not have meshing teeth with this on the inner periphery of the
sleeve, but instead on the outer casing 13. The sleeve-shaped
connecting element 4 can therefore have an essentially con-
stant wall thickness and can be lighter in weight. This con-
necting element 4 also has a radial shoulder 11 on which the
threaded nut 18 contacts. With the radial shoulder 11, the
diameter of the sleeve is simultaneously expanded to the inner
periphery of the outer camshaft 3. This sleeve therefore has
only two steps, while the sleeve according to FIG. 1 has three
different inner diameter regions (for the two camshafts 2, 3
and the threaded nut 18).

FIG. 3 shows a construction of a camshaft unit 1 that differs
from that according to FIG. 1 essentially in that the connect-
ing element 4 is constructed as a sleeve with a ring groove 15
formed axially on the end side. The ring groove 15 runs
concentric to the rotational axis 10 and has a groove base that
is bounded by an outer wall with the first toothed section 16
and an inner wall with the second toothed section 17. The two
toothed sections 6, 7 are in turn constructed as helical toothed
sections. Because the two camshafts 2, 3 mesh on different
walls, an axial offset of the camshaft is not required. The ring
groove 15 can thus be relatively flat, so that the inner hollow
space 14 still present here could also be completely omitted.

On the end 20 of the connecting element 4 facing away
from the ring groove 15 there is, on the radial inner side, a
recess for the threaded nut 18.

FIG. 4 shows a construction of a camshaft unit 1 that differs
from that according to FIG. 1 in that the connecting element
4 is formed as a sleeve with an essentially constant diameter.
Such a sleeve can be produced economically. As in the
embodiment according to FIG. 3, the counter toothed sections
6,7 of the camshafts 2, 3 engage in the toothed sections 16, 17
of the connecting element 4 from different radial directions.
For this purpose, the camshafts 2, 3 adjacent to each other
actually in the radial direction each form a ring-shaped recess
and together form a ring gap 21. The counter toothed sections
6, 7 are arranged on the walls of the ring-shaped recess. The
connecting element 4 extends with its toothed sections 16, 17
into the ring gap 21. The connecting element 4 is connected
via the threaded nut 18 to the spindle 8 on its end 20 turned
away from the ring gap 21.

LIST OF REFERENCE NUMBERS

1 Camshaft unit

2 First camshaft

3 Second camshaft

4 Connecting element

5 Camshaft adjuster

6 First counter toothed section
7 Second counter toothed section
8 Spindle

9 Adjustment drive

10 Rotational axis

11 Radial shoulder

12 Securing ring
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13 Outer casing

14 Inner hollow space

15 Ring groove

16 First toothed section
17 Second toothed section
18 Threaded nut

19 Ball bearing

20 Face-side end

21 Ring gap

The invention claimed is:

1. A camshaft unit, comprising:

a first camshaft that is phase-adjustable with respect to a
crankshaft,

a second camshaft that is arranged concentric to the first
camshaft and is always in phase with respect to the
crankshaft,

a camshaft adjuster with which the first camshaft is phase-
adjustable with respect to the crankshatft,

a connecting element that shifts in an axial direction of the
camshafts with a first toothed section, the first toothed
section meshes with a first counter toothed section on the
first camshaft, and

an adjustment drive through which the connecting element
is moved in the axial direction, wherein an axial advance
produces a relative rotation of the first camshaft with
respect to the connecting element.

2. The camshaft unit according to claim 1, wherein the
camshaft adjuster has a ball screw-type drive with a spindle as
the adjustment drive.

3. The camshaft unit according to claim 2, wherein the
adjustment drive has a threaded nut mounted on the connect-
ing element or formed in one piece with the connecting ele-
ment.

4. The camshaft unit according to claim 2, wherein one of
the camshafts is supported by ball bearings on the spindle.

5. The camshaft unit according to claim 1, wherein the
camshafts are immovable in the axial direction.

6. The camshaft unit according to claim 1, wherein the first
toothed section and the first counter toothed section are
formed as helical gearing sections and the connecting ele-
ment has a straight toothed section as the second toothed
section that meshes with a second counter toothed section of
the second camshaft.

7. The Camshaft unit according to claim 6, wherein the
connecting element is formed as a sleeve with a radial shoul-
der and the two counter toothed sections are formed on tubu-
lar wall sections with different diameters.

8. The camshaft unit according to claim 7, wherein the
connecting element has an end-side ring groove having an
outer wall that has the first toothed section and having an inner
wall that has the second toothed section.

9. The camshaft unit according to claim 6, wherein the
connecting element is formed as a sleeve having an outer
casing on which the first toothed section is formed and having
an inner casing on which the second toothed section is
formed.

10. The camshaft unit according to claim 1, wherein the
connecting element and the second camshaft are discon-
nected.



